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Abstract
Meltwater and/or rainfall (MR) were monitored using lysimeters for eleven years in a mountainous
region in the north-central part of Japan, where a seasonal snowpack forms, to collect basic data
sets for understanding MR regime and sediment-related disasters. Statistical analyses of the data
showed that high hourly MR intensities were mainly observed as rain during the non-snow cover
period, but the annual maximum daily MR appeared often during the snow cover period. The
longer the time unit, the greater the shift in maximum MR values from the non-snow to snow
cover periods. For a time unit of 70 hours, almost all maximum values were recorded during
snowmelting periods. MR regime, that is to say, timing, intensity and duration of MR regulate
the characteristics of sediment-related disasters such as debris flows, slope failures and landslides.
In the case of deep-seated landslides, if there are no accurate observations of MR during the snow
cover period, the degree of risk may be underestimated. Furthermore, when designing groundwater
discharge works to prevent deep-seated landslides, the timing, intensity and duration of MR must
be accurately evaluated to effectively discharge groundwater during the snowmelting period.
KEY WORDS: meltwater and/or rainfall (MR), MR regime, lysimeter, snowy
region, sediment-related disasters
Introduction
In snowy regions, rain reaches the ground surface directly, but snow is
stored in the snowpack and is discharged to the ground surface later at various
times and intensities. Thus, the regime of water reaching the ground surface
2during the snow cover period are not thoroughly understood, making it difficult to
evaluate the risk of sediment-related disasters.
Monitoring of the water reaching the ground surface in snowy regions has
been conducted using lysimeters to investigate the runoff of chemical components
in the snow (Berris and Harr, 1987), the effects of changes in forest conditions on
microclimates in forest zones (Harrington and Bales, 1998), the process of
snowmelt (Williams et al., 1999; Erickson and Williams, 2003; Tekelı et al., 
2005), and the formation of preferential flow paths within snowpacks (French and
van der Zee, 1999).
Monitoring using lysimeters has also been conducted to investigate
landslides triggered by snowmelt (Ogawa et al., 1987), but only during the snow
cover period, and few investigations have been carried out on fluctuations in
water reaching the ground surface. To understand the mechanisms of sediment-
related disasters in snowy regions, the behavior of water reaching the ground
surface beneath the snowpack must be investigated at intervals of no longer than
one hour.
Therefore, we constructed a monitoring station (Busuno Station) in a
snowy mountainous region and have monitored the water reaching the ground
surface and seasonal snowpack conditions since December 1987. This paper
describes the statistical characteristics of the timing, intensity and duration of
water reaching the ground surface based on the monitoring data recorded between
1988 and 1999. These characteristics are indispensable for understanding the
mechanisms of sediment-related disasters, evaluating the risk of disasters,
formulating warning and evacuation indices, and planning and constructing
disaster prevention works.
Methods
Overview of the monitored region
Mountains that are several hundred meters in elevation and composed of
semi-consolidated Tertiary soft rocks lie along the Sea of Japan in the central to
northern part of Japan. The area is covered by 3 to 5 m of snow in winter, and
sediment-related disasters, such as slope failures and landslides, occur frequently.
3A monitoring station was established on a gentle slope 567 m in elevation. The
station is vegetated with Cryptomeria japonica and Quercus crispula (Figure 1).
The mean annual precipitation in this region is almost 3,000 mm, which is
about 1.8 times greater than the mean annual precipitation in Japan (1,690 mm).
Snow accounts for 40 to 50% of the precipitation, and the rest is rain, which falls
mainly during the rainy season of June and July, during the typhoon season of
September and October, and, unlike the other regions of Japan, in November and
early December as well.
The first snow usually occurs in November, and by early December, a
continuous snowpack is formed over the ground surface and lasts for about 5
months until early May. The mean maximum snow depth is about 360 cm, but
464 cm was recorded in February 1996. During such a heavy snow season,
approximately 1,600 mm of water, which is equivalent to the mean annual
precipitation in Japan, is stored on the ground surface in the form of snowpack
(Matsuura et al., 2005).
In this paper, the term snowmelting period denotes the period from the day
when the maximum snow water equivalent is recorded to the day when the
snowpack disappears. Therefore, the dates when the snowmelting period begins
vary by year.
Monitoring methods
Lysimeters are the most appropriate tools for monitoring the water
reaching the ground surface. In the present study, four stainless steel lysimeters
(1.0 m × 1.0 m × 0.2 m) were buried in the ground, leaving about 3 cm exposed
above the ground, and were filled with coarse silica sand. Water captured by the
lysimeters at the ground surface was transmitted to a 500cc tipping bucket
discharge gauge, and the amount of water was determined by counting the pulses
(Figure 2).
In this paper, the water monitored by the lysimeters is referred to as
“meltwater and/or rainfall” (MR). Water captured by the lysimeters is rainwater
when there is no snow cover, and meltwater when there is snow cover. When it
rains on the snowpack, water that reaches the ground surface never consists of
rainwater alone but is always a mixture of rainwater and meltwater.
4The snowpack is melted by mainly shortwave radiation, latent heat fluxes,
sensible heat fluxes and rainwater. The rainwater which infiltrates the snowpack
immediately mixes with meltwater. Although some of the rainwater is stored
temporarily, it is ultimately discharged to the ground from the bottom of the
snowpack. Thus, the lysimeters capture “rainfall”, “meltwater”, and “meltwater +
rainfall”.
Meltwater and/or rainfall (MR) can also be estimated by monitoring the
snow water equivalent. Thus, snow water equivalent was monitored using a
metal-wafer-type gauge consisting of a pressure sensing plate filled with an
antifreeze solution and a semiconductor pressure sensor (Greydamus, 1976). The
measurement accuracy was 0.125 mm for the lysimeters and 2 mm for the metal-
water-type gauge. We have also monitored snow depth using ultrasonic gauges
and other related meteorological factors at one-hour intervals since December
1987 and at 30-minute intervals since August 1991.
Methods for interpolating data sets
A MR data set of 1-hour intervals for the entire monitoring period was
prepared by interpolating missing or unreliable MR data using simple tank
models. However, the processing methods differed between snow and non-snow
cover periods (Figure 3).
The daily data from the lysimeters and rain/snow gauges were closely
correlated during the period with no snowpack. However, a time lag of 0–3 hours
was observed among the hourly data depending on previous rainfall since the
lysimeters were filled with silica sand. Thus, a tank model was prepared to
calculate MR from rainfall data. The tank model of the lysimeter has a very
simple structure with an outlet on one side. Parameters such as height of runoff
hole (h1) and evaporation rate (e1) were determined using data obtained when
rainfall was observed after a long period of dry weather. The coefficient of runoff
hole (k1) was determined by the characteristics of discharge corresponding to the
rainfall.
MR of the non-snow cover period was calculated by inputting rainfall data
to the tank model, and the monitored and calculated values were closely
correlated (Figure 4). Thus, the model was used to interpolate hourly missing data
of MR caused by malfunctioning sensors and system failure in the non-snow
5cover period. When the rainfall data were also missing, they were estimated from
the correlation of hourly rainfall data between Busuno Station and Yasuzuka
Station approximately 6.7 km to the north.
Meltwater and rainwater do not usually infiltrate vertically but rather flow
through preferential paths in the snowpack (Colbeck, 1978; Marsh and Woo,
1984; Kattelmann, 1989). Although the lysimeters used at Busuno Station have a
water collection area of 4 m2, they have frequently been unable to measure the
correct amount of water especially during snowmelting periods due to preferential
flow paths that developed within the snowpack.
Rainwater that falls on snowpack and snow that melts at the surface show
time lags and changes in intensity and duration until they are discharged to the
ground surface (Kojima and Motoyama, 1984; Singh et al., 1997). To reproduce
these phenomena, tank models have been proposed (Motoyama, 1986; Hayakawa,
1994).
In the present study, a tank model of the snowpack was prepared to
accurately estimate the MR supplied to the ground through the snowpack on the
lysimeters during a snowmelting period. The model was equipped with a runoff
hole, and the coefficient of the runoff hole (k0) was exponentially proportional to
snow depth. The initial height of the runoff hole was assumed to be 0 mm since
the maximum snow water equivalent was recorded and the snowpack should not
have any water storage capacity. This is why we set a runoff hole not on the side
but at the bottom of the tank. According to Bengtsson (1980) and Kojima (1986),
the evaporation rate in cold regions varies from 0.3 to 0.6 mmd-1. We set the
evaporation rate as 1 mmd-1 because of the low latitude of the research site. We
think that the used value does not greatly affect the results since the rate of
evaporation is much smaller than the rate of melting in the snowmelting period.
MR values during snowmelting periods were calculated by combining the
models of the snowpack and inputting the difference in snow water equivalent and
rainfall. The resultant calculated values and monitored values had a slightly lower
correlation than those for the non-snow cover period (Figure 4), but the
calculation satisfactorily reproduced the intensity and timing of hourly MR during
the snowmelting period. Thus, the MR data for eleven snowmelting periods (the
period from the recorded day of maximum snow water equivalent to the day of
disappearance of snow) were replaced with calculated values.
6A small amount of MR data was missing from the days on which snow
started to accumulate to the days on which the maximum snow water equivalent
was recorded. Moreover, almost all MR values during the periods were meltwater
from the bottom of the snowpack of about 0.6 to 1.5 mmd-1 caused by ground heat
fluxes. Thus, the missing values were interpolated with values monitored on
nearby days. Meltwater was recorded even during the coldest months of January




Appropriate water years for MR should be determined to statistically
analyze the data. Setting changes of water years in months when MR shows large
changes may result in large MR events occurring in a water year or in the
following water year, depending on slight fluctuations in meteorological
conditions in the year, and thus large fluctuations in statistics from one year to
another.
Therefore, using the MR data from May 1, 1988 to June 30, 1999, mean
annual MR values were calculated using each month as the starting month of a
year (from the first day of each month to the last day of the previous month in the
next year). For each starting month, the standard deviations of eleven annual MR
values were calculated, and the month with the smallest standard deviation was
defined as the starting month of a water year. The precipitation data at Busuno
and Yasuzuka Stations were also similarly processed.
The data processing showed that the standard deviation of MR was
smallest for water years starting in June (Figure 5). On the other hand, the
precipitation data from Busuno Station showed the smallest standard deviation for
years starting in July but there was no great difference from June. In this study,
we decided to use water years starting on June 1 and ending on May 31 of the
next year. For example, water year 91/92 (hereafter referred to as “91/92”)
denotes the period starting on June 1, 1991 and ending on May 31, 1992.
7In this region, continuous seasonal snowpack starts in early December and
disappears in late April to early May in ordinary years, and the rainy season (baiu)
starts in mid to late June. Thus, changes in MR should be least in May and June.
Actually, the average minimum daily MR in the eleven water years was recorded
on June 8, and the moving average for 3 to 7 days also showed minimum daily
MR values in late May to early June.
MR during the eleven water years
At Busuno Station, annual precipitation in the eleven water years ranged
from 2,690 to 3,240 mm, half of which was likely to be snow. The amount of
snowfall differed greatly between years, and thus the resultant temporary seasonal
snowpack conditions. In winters of heavy snowfall, over 1,600 mm of water was
stored in the form of snowpack, which melted at various times and intensities
during the snowmelting periods and was discharged to the ground surface.
MR values were almost proportional to precipitation and were 2,480 to
3,440 mm in the eleven water years, which varied slightly more than precipitation.
This was attributable to differences between precipitation and MR during the
snow cover periods, which were caused mainly by wind-induced erosion and
accumulation of the snowpack.
The largest annual MR value was recorded in 95/96, and the smallest in
88/89. In 95/96, especially large MR values were recorded in the early snow cover
period and during the snowmelting period, at the end of which large amounts of
MR were discharged to the ground surface almost every day. During the mid
snow cover periods in January and February, MR was only 0.6 to 1.5 mmd-1, and
was most likely water that had melted from the bottom of the snowpack. On the
other hand, in 88/89, when there was little snow and a thin snowpack, MR was
observed throughout nearly the entire snow cover period. Even in the coldest
months of January and February, 60 to 70 mmd-1 of MR was recorded (Figure 6).
Hourly MR intensities and days of large hourly MR values
In all water years except 97/98, the maximum hourly MR value was
recorded in the non-snow cover period, mostly in August followed by July and
8September, during severe local rains caused by stationary fronts, storms caused by
cold fronts, and typhoons (Table 1). The maximum monitored value of all water
years was 39.7 mmh-1 on July 11, 1995 (95/96). For several days including this
one, the region along the Sea of Japan in the Chubu area was hit by heavy storms
caused by a baiu front and suffered serious damage from debris flows and
landslides. A number of shallow landslides also occurred near Busuno Station.
The maximum hourly MR values during the snow cover period ranged
from 10 to 14 mm and were more stable than those occurring during the non-snow
cover period. Therefore, MR values during the snow cover period were relatively
small when there were intensive rainfall events in the non-snow cover period of
the same water year and were relatively large when there were no such events.
The stable MR intensities are probably attributable to the buffer effect of
snowpack.
The top 50 hourly MR values in these eleven water years were extracted
(Figure 7), the majority of which occurred in the non-snow cover period and only
five were recorded in the snow cover period. This shows that intensive hourly MR
usually occurred during rains in the non-snow cover period.
Daily MR intensities and days of large daily MR values
Similar to hourly MR intensities, the five largest daily MR values of each
water year were analyzed. Daily MR denotes the total MR from 0 to 24 hours.
The analysis showed that, unlike hourly MR, large daily MR values were
observed in the snow cover period of all the water years except 95/96 and 98/99
(Table 2). The maximum daily MR values ranged from 90 to 180 mm, the largest
of which was recorded on April 12, 1994 (93/94). The second largest was on
March 4, 1989 (88/89), when the foehn phenomenon occurred and the meltwater
mixed with rainwater.
Of the nine maximum values recorded in the snow cover period, seven
were in snowmelting periods. In 91/92 and 96/97, MR values of approximately
100 mm were recorded in the early snow cover periods during rains caused by
low-pressure cyclones. Rains on snowpack cause large amounts of MR to be
discharged to the ground surface (Harr, 1981). The rain itself may not have melted
much snow, but it was accompanied by humid winds, the latent heat flux of which
melted large volumes of snow.
9Unlike hourly MR, most of the top 50 daily MR values in the eleven
winter years were concentrated in the snow cover period, especially in the
snowmelting period (Figure 8), including three that were recorded in the early
snow cover period. The MR intensity distribution shifted from non-snow to snow
cover period when longer time units were used.
Relationship between MR time unit and intensity
The maximum hourly and daily values appeared in completely different
seasons. To understand the relationship between time unit and MR intensity, we
determined the maximum values for time units of 1 to 72 hours and the seasons
when the values were recorded for each water year (Table 3). The maximum MR
value for a specific time unit was defined as the largest MR value for a continuous
period of said time unit. Therefore, the maximum 24-hour MR value may differ
from the maximum daily MR.
The results differed completely between 95/96 and 97/98. In 97/98, when
it did not rain continuously or intensively for a short duration, all of the maximum
1- to 72-hour MR values were recorded in the snow cover period. On the other
hand, in 1996, when the largest hourly precipitation of the eleven water years was
recorded and local and heavy rains fell for four days due to a stationary front, all
the maximum 1- to 36-hour MR values were recorded during this period.
As described in the previous section, when we examined the longer time
unit, we found that the greater maximum MR values were recorded during the
snow cover period. The percentage of maximum MR values recorded in the snow
cover period was approximately 10% for a time unit of one hour and about 60%
for 10 hours, and almost all of the 70-hour maximum values were recorded in the
snow cover period (Figure 9).
Effect of MR characteristics on sediment-related disasters
The characteristics of MR regime, namely timing, intensity and duration of
MR, seem to have a large effect on the types of sediment-related disasters which
occur not only in this district but also other snowy regions. Thus, based on the
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MR data of 88/89 and 95/96, the relationship between MR and sediment-related
disasters was studied using a standard index used in Japan.
There have been various researches on scientific and rational warning and
evacuation indices for mitigating sediment-related disasters during heavy rainfall
in Japan. Senoo and Funazaki (1973) showed that the slope instability is governed
by both cumulative rainfall and intensity of rainfall. A method using effective
rainfall instead of cumulative rainfall has been developed (Senoo et al., 1985;
Yano, 1990), and the Ministry of Construction customized it using long-term and
short-term effective rainfall in 1993.
In this method, first, the rains during which sediment-related disasters
occurred and the rains during which they did not occur are extracted from the
rainfall records. The critical line (CL) is estimated from the scattered data in the
figure with long-term effective rainfall before the disaster plotted on the X-axis
and short-term effective rainfall just before the disaster plotted on the Y-axis.
When the snake line (SL), which is plotted on these coordinates provided every
hour by a meteorological station, approaches CL, it means that the risk of
sediment-related disasters rises.
The effective rain of a 72-hour half-life time on the X-axis and effective
rain of 1.5 hours on the Y-axis are used as the standard rains in this study. The
effective rain is then calculated as follows (Yano, 1990):
EMR=Σα1i×MR1i
Where EMR: effective MR; MR1i: the 1-hour MR i hours beforehand; and α1i: the
reduction coefficient i hours beforehand. In addition, T is the half-life (time) at α1i
= 0.5i/T.
This method, in which MR is substituted for rainfall, was used to create
the snake line of the non-snow cover period of 95/96 (SLns) and the snake curve
of the snow cover period (SLsc) in Figure 10. Since continuous MR was observed
during the snow cover period, the 72-hour effective MR became high values with
a cyclic path. However, the 1.5-hour effective MR was not large due to the calm
snowmelting period with a relatively low intensity of MR (10-13 mmh-1). In
contrast, large amounts of high-intensity rain fell in July 1995, so the 1.5-hour
effective MR was very large. In the area around Busuno Station, there have been
many occurrences of shallow landslides, so the snake curve is estimated to have
reached CL.
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On the other hand, 19.5 mmh-1 of 88/89's maximum hourly MR was
caused by rainfall while the foehn of March 4 and subsequent rains resulted in a
high-intensity MR (164.2 mmd-1) during the light snow cover period. Although
the maximum hourly MR of 13.4 mmh-1 was not particularly intensive, the 72-
hour effective MR became high due to the continuous supply of MR during this
event. This caused a deep-seated landslide 6 km north of Busuno Station (Figure
11).
Sediment-related disasters, such as debris flows, slope failures and
landslides, are closely related to rainfall regimes. Debris flows, slope failures and
shallow landslides are caused by short duration, intensive rainfall, and deep-seated
landslides are caused by prolonged, heavy rainfall (Fukuoka, 1980; Caine, 1980;
Gerald and Olivier, 1993; Corominas and Moya, 1999; Cai and Ugai, 2004; Saito,
Nakayama and Matsuyama 2010). This is because even if the intensity is low, if it
is continuous, the water that reaches the surface will often infiltrate deep
underground and increase the pore-water pressure. Although the degree of
landslide risk depends on geo-hydrological conditions, geomorphological features
and geological structures, deep-seated landslides are caused by the lowering of the
effective stress with high pore-water pressure (Skempton, 1964; Ogawa et al.,
1987).
In the study area, deep-seated landslides tend to occur during the
smowmelting period as in the case of 88/89. On the other hand, slope failures and
shallow landslides have been caused by intensive rainfall. Thus, it became
quantitatively clear that the timing, intensity and duration of MR regulate the
characteristics of sediment-related disasters.
Effects of considering snow cover period on extreme value
distribution
The extreme value distributions of hourly and daily data for the non-snow
cover period (MRns) of the eleven water years were compared with those for the
non-snow and snow cover periods combined (MRis) using the Gumbel-Chow
method (Chow, 1964). Of the eleven water years, only one year showed a
maximum hourly MR in the snow cover period, with a small value of only 13
mmh-1. Therefore, for hourly MR, the extreme value distribution was hardly
affected by the data collected during the snow cover period (Figure 12).
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On the other hand, for daily MR, data collected in the snow cover period
produced large differences. For example, the return period for 153 mmd-1 of water
to reach the ground surface was five years when calculated using the data from the
snow cover period, and about 22 years without using these data (Figure 13). The
calculated return periods show that extreme events in heavy-snow areas occur
quite frequently.
A sensitivity analysis was conducted to understand the effects of
considering data in the snow cover period on MR of certain return periods (Figure
14). The X-axis of the figure shows the return period, and the Y-axis shows MR
values for only the non-snow cover period (MRns) divided by MR values for both
the non-snow and snow cover periods (MRis). For hourly MR, the ratios varied
little by return period.
Daily MR values, however, showed a sharp drop in MRns/MRis when
shorter return periods were used. For example, MR that occurred with a return
period of 50 years was calculated to be 174 mm when the data for snow cover
period were not used, and 217 mm when the data were used. MR values of a
return period of 1.6 years were 64 mm and 114 mm, respectively (Figure 13).
Therefore, events that occur within a short time unit, such as hourly MR,
can be analyzed using only the data for the non-snow cover period. However,
events that occur within a long time unit, such as daily MR, should be analyzed
using the data for the snow cover period.
In addition, civil engineering works to prevent or mitigate sediment-related
disasters like debris flow in snowy areas are generally designed taking hourly
precipitation into consideration, and few problems arise. However, when we
design deep wells and drainage tunnels for draining groundwater to prevent deep-
seated landslides, the intensity and duration of MR during snow cover periods
should be correctly evaluated since a large quantity of MR supplied over a long
period can lead to excess groundwater with high pore-pressure forming during the
snowmelting period.
Conclusions
Meltwater and/or rainfall (MR) were monitored using lysimeters for eleven years
in a mountainous district where seasonal snowpack is formed, in order to collect
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basic data sets for understanding the mechanisms of sediment-related disasters,
evaluating the risks of disaster and planning effective disaster prevention works.
An investigation of the MR regime based on water years showed that high
hourly MR intensities were mainly observed as rain during the non-snow cover
period, and the annual maximum daily MR appeared most often during the snow
cover period. The longer the time unit, the greater the shift in maximum MR
values from non-snow to snow cover period. For a time unit of 70 hours, almost
all maximum values were recorded during snowmelting periods. This was because
the water stored in snowpack was melted by the seasonal increase in air
temperature and solar radiation, resulting in water discharging to the ground
almost every day.
Thus, in regions where a seasonal snowpack is formed and the geology
and geomorphology are highly unstable, the timing, intensity and duration of MR
control the characteristics of sediment-related disasters, especially during the
snow cover period. That is to say, slope failures and shallow landslides are caused
by intensive rainfall in the non-snow cover period while deep-seated landslides
tend to be induced by a continuous supply of MR originating from meltwater and
rain on snowpack during the snow cover period.
Generally, few problems arise when we predict the degree of risk of
shallow landslides or debris flow since it is easy to observe rainfall. However, it is
difficult to observe precisely how much water flows from the bottom of the
snowpack to the ground surface in the snow cover period. Therefore, we are apt to
underestimate the risk of deep-seated landslides which tend to occur during the
snow cover period, especially in the snowmelting period.
The design of deep-seated landslide prevention works like drainage wells
and deep wells requires appropriate data and dimensions to reduce the excess
pore-water pressure effectively. If there is no accurate evaluation of MR during
the snow cover period, the drainage well may be submerged due to excessive
groundwater and in the worst case it can lead to the re-activation of the landslide.
Thus, it is evident that there must be an accurate evaluation of the timing,
intensity and duration of MR in a snowy region.
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Figure 2 Schedumatic diagrame of MR monitoring system.
Lysimeter
Handhole







Figure 3 Structure of tank models for interpolating missing data
in non-snow cover season and snow cover seasons.


































Figure 4  Relationship between the calculated values by the tank
model and the monitored values by the lysimeter.
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Figure 9  Relationship between time unit and occurrence rate
 of Maximum value in snow cover season.


























Figure 10  A comparison of a snake line of the non-snow cover season (SLns)
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Figure 11  A comparison of a snake line of the non-snow cover season
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Figure 12  Differences between the hourly values of MRns and MRis
in extreme value distribution.
◇：Hourly value of MR for non-snow cover period (M
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Figure 13 Differences between the daily values of MRns and MRis
in extreme value distribution.
◇：Daily value of MR for non-snow cover period (MRns)
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Top 88/89 89/90 90/91 91/92 92/93 93/94 94/95 95/96 96/97 97/98 98/99
1 19.5 16.4 21.0 16.5 16.3 14.9 16.8 39.7 16.1 13.0 28.9
2 17.4 12.4 20.4 16.4 14.5 13.6 14.9 29.0 16.0 11.8 28.1
3 13.4 11.0 16.1 15.8 9.9 13.5 13.0 23.1 11.9 11.8 24.2
4 11.9 10.9 15.8 12.6 9.5 13.3 12.4 21.3 9.1 11.3 21.3
5 11.6 10.5 15.6 11.3 8.9 13.3 10.1 18.5 8.9 11.2 20.5
(mmh-1)
Table 1  Top-5 hourly MR distribution for each water year.
*Italic bold numerals were recorded in the snow cover period.
Top 88/89 89/90 90/91 91/92 92/93 93/94 94/95 95/96 96/97 97/98 98/99
1 164.2 96.6 123.8 90.8 96.1 184.0 106.5 123.6 106.0 173.8 152.7
2 72.6 95.8 116.8 83.2 85.4 76.2 88.9 98.6 89.9 96.0 75.9
3 59.7 74.4 93.2 76.8 74.7 72.3 88.4 95.4 70.4 83.5 72.2
4 55.3 73.4 89.9 72.2 68.0 69.1 87.3 90.6 69.8 58.5 70.5
5 51.4 57.8 84.8 64.7 67.3 62.8 79.4 76.2 65.5 55.1 66.6
(mmd-1)
Table 2  Top-5 daily MR distribution for each water year.




1 19.5 16.4 21.0 16.5 16.3 14.8 16.8 39.7 16.1 13.0 28.9
3 37.0 33.0 44.4 41.3 24.6 39.3 31.9 91.8 32.4 36.2 78.4
6 61.9 50.5 78.6 54.9 47.5 78.1 51.0 109.5 52.8 68.1 127.1
12 112.1 71.4 106.5 75.1 71.6 149.5 68.8 119.6 78.3 109.2 152.7
24 169.9 107.7 125.8 91.2 114.4 207.3 129.1 190.4 114.3 179.5 152.7
36 203.2 159.1 214.5 127.1 177.8 253.2 203.1 199.8 139.5 276.5 156.7
72 214.6 229.7 299.9 183.3 230.9 296.8 259.7 249.9 194.1 329.1 204.3
Early snow cover period Snowmelting period
Table 3  Maximum values for each time unit for each water year.
88/89 89/90 90/91 91/92 92/93 93/94 94/95 95/96
*Italic bold numerals were recorded in the snow cover season.
96/97 97/98 98/99
